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PharmapMiriranv useful sal ts of carboxylic acid deriv a »»« 
Field of the invention • 

5 The present invention relates to certain novel salts of (2S)-3-(4-{2-[amino]-2- 

oxoethoxy } P henyl)-2-ethoxypro P anoic acid derivatives, to processes for preparing such 
compounds, to their utility in treating clinical conditions including lipid disorders 
(dyslipidemias) whether or not associated with insulin resistance and other manifestations of 
the metabolic syndrome, to methods for their therapeutic use and to pharmaceutical 
10 compositions containing them. 



Background of the invention 



The metabolic syndrome including type 2 diabetes mellitus, refers to a cluster of 
is manifestations including insulin resistance with accompanying hyperinsulinaemia, possibly 
type 2 diabetes mellitus, arterial hypertension, central (visceral) obesity, dyslipidaemia 
observed as deranged lipoprotein levels typically characterised by elevated VLDL (very low 
density lipoproteins), small dense LDL particles and reduced HDL (high density lipoprotein) 
concentrations and reduced fibrinolysis. 



20 



30 



Recent epidemiological research has documented that individuals with insulin resistance run a 
greatly increased risk of cardiovascular morbidity and mortality, notably suffering from 
myocardial infarction and stroke. In type 2 diabetes mellitus atherosclerosis related conditions 
cause up to 80% of all deaths. 

In clinical medicine there is awareness of the need to increase the insulin sensitivity in 
patients with the metabolic syndrome and thus to correct the dyslipidaemia which is 
considered to cause the accelerated progress of atherosclerosis. However, currently this is not 
a universally accepted diagnosis with well-defined pharmacotherapeutic indications. 

Co-pending PCT application No. PCT/GB02/05743 discloses compounds of formula A 
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C 6 H 13 




o 

A 

wherein n is 1 or 2 and optical isomers and racemates thereof, pharmaceutical^ acceptable 
salts, solvates, crystalline forms and prodrugs thereof are highly potent PPARa modulators. 
PPAR isshort peroxisome proUferator-activated receptors (for for a review of the PPARs see 
; T. M.Willson et al , J Med Chem 2000, Vol 43, 527). These compounds are effective in 
treating conditions associated with insulin resistance. Specific pharmaceutically acceptable 
salts of compounds of the formula A are not disclosed in PCT/GB02/05743. Further, no 
information is provided in relation to how crystalline forms of compounds of the formula A, 
and particularly salts thereof, may be prepared. The compound in which n is 2 is prepared is 
the free acid in this application. However, this compound is a syrup and is thus not suitable 
for use in pharmaceutical formulations. Therefore there exists a need for a derivative of this 
compound which has physical and chemical properties suitable for use in pharmaceutical 
formulations. Attempts were made to produce salts with many different counter-ions. 
However, most were unsatisfactory for one of the following reasons. A salt could not be 
formed in the solid state or if formed the salt was amorphous with a low glass transition 
temperature. 



In the formulation of drug compositions, it is important for the drug substance to be in a form 
in which it can be conveniently handled and processed. This is of importance, not only from 
the point of view of obtaining a commercially-viable manufacturing process, but also from the 
point of view of subsequent manufacture of pharmaceutical formulations comprising the 
active compound. 

Further, in the manufacture of drug compositions, it is important that a reliable, reproducible 
and constant plasma concentration profile of drug is provided following administration to a 
patient. 

Chemical stability, solid state stability, and "shelf life" of the active ingredients are also very 
important factors. The drug substance, and compositions containing it, should preferably be 



a 
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capable of being effectively stored over appreciable periods of time, without exhibiting 
significant change in the active component's physico-chemical characteristics (e.g. its 
chemical composition, density, hygroscopicity and solubility). 

s Moreover, it is also important to be able to provide drug in a form which is as chemically pure 
as possible. 

The skilled person will appreciate that, typically, if a drug can be readily obtained in a stable 
form, such as a stable crystalline form, advantages may be provided, in terms of ease of 
10 handling, ease of preparation of suitable pharmaceutical formulations, and a more reliable 
solubility profile. 

Description of the invention 

is The present invention provides a compound selected from one or more of the following: 

a ( l/?,25)-2-hydroxyindan-l.amine salt of (25)-2-emoxy-3-(4-{2-[hexyl(2-phenylemyl)amino]- 
2-oxoethoxy}phenyl)propanoic acid; 

an L-arginine salt of (25)-2-emoxy-3-(4-{2-[hexyl(2-phenylethyl)amino-2- 
20 oxoethoxyphenyl)propanoic acid; 

a tert-butylamine salt of (25)-2-emoxy-3-(4-{2-[hexyl(2-phenylemyl)amino-2- 
oxoethoxyphenyl)propanoic acid; 

a choline salt of (2^-2-emoxy-3-(4-{2-[hexyl(2-phenylemyl)amino]-2- 
oxoethoxy}phenyl)propanoic acid; 

25 an adamantylamine salt of (25)-2^moxy-3-(4-{2-[hexyl(2-phenylemyl)amino]-2- 
oxoethoxy}phenyl)propanoic acid; 

a iV-benzyl-2-phenylemanaminium salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]- 
2-oxoethoxy}phenyl)propanoic acid; 

a^-benzyl-2-(benzylamino) ethanaminium salt of (2S)-2-ethoxy-3-(4-{2-[hexyl(2- 
30 phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid; 



or 
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a tris(hydroxymethyl)methylamine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]-2- 
oxoethoxy}phenyl)propanoic acid. 

We have found that certain compounds of the invention have the advantage that they may be 
5 prepared in crystalline form. 

According to a further aspect of the invention there is provided a compound of the invention 
in substantially crystalline form. 

to Although we have found that it is possible to produce compounds of the invention in forms 
which are greater than 80% crystalline, by "substantially crystalline" we include greater than 
20%, preferably greater than 30%, and more preferably greater than 40% (e.g. greater than 
any of 50, 60, 70, 80 or 90%) crystalline. 

15 According to a further aspect of the invention there is also provided a compound of the 
invention in partially crystalline form. By "partially crystalline" we include 5% or between 
5% and 20% crystalline. 

The degree (%) of crystallinity may be determined by the skilled person using X-ray powder 
20 diffraction (XRPD). Other techniques, such as solid state NMR, FT-IR, Raman spectroscopy, 
differential scanning calorimetry (DSC) and microcalorimetry, may also be used. 

Compounds of the invention, and particularly crystalline compounds of the invention, may 
have improved stability when compared to compounds disclosed in PCT/GB02/05743. 

25 

The term "stability" as defined herein includes chemical stability and solid state stability. 

By "chemical stability", we include that it may be possible to store compounds of the 
invention in an isolated form, or in the form of a formulation in which it is provided in 
30 admixture with pharmaceutically acceptable carriers, diluents or adjuvants (e.g. in an oral 
dosage form, such as a tablet, capsule etc.), under normal storage conditions, with an 
insignificant degree of chemical degradation or decomposition. 



IS 
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By "solid state stability", we include that it may be possible to store compounds of the 
invention in an isolated solid form, or in the form of a solid formulation in which it 
provided in admixture with pharmaceutically acceptable carriers, diluents or adjuvants (e g. 
an oral dosage form, such as a tablet, capsule etc.), under normal storage conditions, with a- 
s insxgmficant degree of solid state transformation (e.g. crystallisation, recrystallisation solid 
state phase transition, hydration, dehydration, solvatisation or desolvatisation). 

Examples of "normal storage conditions" include temperatures of between minus 80 and plus 
50°C (preferably between 0 and 40°C and more preferably room temperatures, such as 15 to 

o 30°C), pressures of between 0.1 and 2 bars (preferably at atmospheric pressure), relative 
hunndities of between 5 and 95% (preferably 10 to 60%), and/or exposure to 460 lux of 
UV/visible light, for prolonged periods (i.e. greater than or equal to six months). Under such 
conditions, compounds of the invention may be found to be less than 15%, more preferably 
less than 10%, and especially less than 5%, chemically .degraded/decomposed, or solid state 

. transformed, as appropriate. The skilled person will appreciate that the above-mentioned 
upper and lower limits for temperature, pressure and relative humidity represent extremes of 
normal storage conditions, and that certain combinations of these extremes will not be 
expenenced during normal storage (e.g. a temperature of 50°C and a pressure of 0.1 bar). 

It may be possible to crystallise salts of compounds of formula A with or without the presence 
of a solvent system (e.g. crystallisation may be from a melt, under supercritical conditions or 
achieved by sublimation). However, we prefer that crystallisation occurs from an appropriate 
solvent system. 

According to a further aspect of the invention, there is provided a process for the preparation 
of a crystalline compound of the invention which comprises crystallising a compound of the 
invention from an appropriate solvent system. 

Crystallisation temperatures and crystallisation times depend upon the salt that is to be 
crystallised, the concentration of that salt in solution, and the solvent system which is used. 
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Crystallisation may also be initiated and/or effected by way of standard techniques, for 
example with or without seeding with crystals of the appropriate crystalline compound of the 
invention. 



Different crystalline forms of the compounds of the invention may be readily characterised 
using X-ray powder diffraction (XRPD) methods, for example as described hereinafter. 

In order to ensure that a particular crystalline form is prepared in the absence of other 
crystaUine forms, crystallisations are preferably carried out by seeding with nuclei and/or seed 
crystals of the desired crystaUine form in substantially complete absence of nuclei and/or seed 
crystals of other crystalline forms. Seed crystals of appropriate compound may be prepared, 
for example, by way of slow evaporation of solvent from a portion of solution of appropriate 
salt. 



Compounds of the invention may be isolated using techniques which are well known to those 
skilled in the art, for example decanting, filtering or centrifuging. 

Compounds may be dried using standard techniques. 

Further purification of compounds of the invention may be effected using techniques, which 
are well known to those skilled in the art. For example impurities may be removed by way of 
recrystallisation from an appropriate solvent system. Suitable temperatures and times for the 
recrystallisation depend upon the concentration of the salt in solution, and upon the solvent 
system which is used. 

When compounds of the invention are crystallised, or recrystallised, as described herein, the 
resultant salt may be in a form which has improved chemical and/or solid state stability, as 
mentioned hereinbefore. 

Compounds of the invention have the advantage that they may be more efficacious, be less 
toxic, be longer acting, have a broader range of activity, be more potent, produce fewer side 
effects, be more easily absorbed, and/or have a better pharmacokinetic profile (e.g. higher oral 
bioavailability and/or lower clearance), than, and/or have other useful pharmacological, 
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physical, or chemical, properties over, compounds known in the prior art. Compounds of the 
invention may have the further advantage that they may be administered less frequently than 
compounds known in the prior art. 

Compounds of the invention may also have the advantage that they are in a form which 
provides for improved ease of handling. Further, compounds of the invention have the 
advantage that they may be produced in forms which may have improved chemical and/or 
solid state stability (including e.g. due to lower hygroscopicity). Thus, such compounds of 
the invention may be stable when stored over prolonged periods. 

Compounds of the invention may also have the advantage that they may be crystallised in 
good yields, in a high purity, rapidly, conveniently, and at a low cost. 

The compounds of the present invention have activity as medicaments. In particular the 
compounds are highly potent agonists of PPARo. In addition the compounds are also 
agonists of PPAR Y . The term agonists as used herein, includes partial agonists. 

It will also be understood that certain crystalline compounds of the present invention may 
exist in solvated, for example hydrated, as well as unsolvated forms. It is to be understood 
that the present invention encompasses all such solvated and unsolvated forms. 



The present invention also provides the following embodiments. 



A ( l/?,2S)-2-hydroxyindan- 1 -amine salt of (2S)-2-ethoxy-3-(4- { 2-[hexyl(2- 
phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid characterised by an X-ray powder 
diffraction pattern characterised by peaks with d-values at 20.0, 11.0, 6.5, 4.41, 4.04 and 3.90A. 
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A ( l*,2S)-2-hydroxyindan-l-arnine salt of (2.S)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]- 
2-oxoethoxy}phenyl)propanoic acid having the XRPD pattern substantially as disclosed in figure 

A. • •. 

5 A L-arginine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino-2- 

oxoethoxyphenyl)propanoic acid having the XRPD pattern substantially as disclosed in figure B. 

A tert-butylamine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino-2- 
oxoethoxyphenyl)propanoic acid.characterised by an X-ray powder diffraction pattern 
10 characterised by peaks with d-values at 18.7, 1 1.5, 5.9, 5.5, 4.71 and 4.08 A. 

A terf-butylamine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino-2- 
oxoethoxyphenyl)propanoic acid having the XRPD pattern substantially as disclosed in figure 
C. 

15 An adamantylamine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)amino]-2- 
oxoethoxy}phenyl)propanoic acid. 

A Ar-benzyl-2-phenylethanaminium salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)arnino]- 
2-oxoethoxy }phenyl)propanoic acid acid having the XRPD pattern substantially as disclosed in 
20 figure D. 

A A^benzyl-2-(benzylamino) ethanaminium salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2- 
phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid acid having the XRPD pattern 
substantially as disclosed in figure E. 



25 



Methods of preparation 

The compounds of the invention are prepared by dissolving (25)-2-ethoxy-3-(4-{2-[hexyl(2- 
phenylemyl)aniino]-2-oxoethoxy}phenyl)propanoic acid in an inert solvent at a temperature in 
so the range of 0-100°C and then adding the appropriate amine either neat or as a solution in an 
inert solvent and isolating the solid salt. The salt may be isolated by cooling the reaction 
solution and optionally seeding the solution with the desired product and/or concentrating the 
solution. Optionally the product may be isolated by adding an antisolvent to a solution of the 
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product in an inert solvent The solid may be collected by methods known to those skilled in 
art for example filtration or centrifugation. 

In another aspect the present invention provides the compound obtainable by reacting (2S)-2 
s *hoxy-3-(4-{2-rhexyl(2^^ ^ ^ ^ 

butylamme in an inert solvent, particularly acetone and isolating the product. Particularly an 
equivalent of rerf-butylamine is used. 

In another aspect the present invention provides the compound obtainable by reacting (2S)-2- 
,o e*oxy-3-(4-{2-rhexyl(^ ^ ^ 

(l/?,25)-2-hydroxyindan-l-amine in an inert solvent, particularly ethyl acetate and isolating 
the product. Particularly an equivalent of ( l*,2S)-2-bydroxyindan-l -amine is used. 

In another aspect the present invention provides the compound obtainable by reacting (25)-2- 
U ^oxy-3-(4-(2-[hexyl^^ acid ^ 

(l/e^-2-hydroxyindan-l-amine in an inert solvent, particularly ethyl acetate or isopropyl 
acetate, and isolating the product. Particularly an equivalent of ( l*,2^-2-hydroxyindan-l- 
amine is used. 



> in another aspect the present invention provides the compound obtainable by reacting (2S>2- 
e.hoxv.3-(4-(2-[hexvl(2-pheny^ acid ^ ^ 

argnune in an inert solvent, particniarly ethanol or propan-2-ol and isolating the prodnct 
Partrcularly an equivalent of I^arginine is used. 

* In another aspect the present invention provides the compound obtainable by reacting (25V2- 

emoxy-3K4- { 2-[hexyl(2-phen y lemyl)ann„o]-2-ox„emoxy}phenyl)propanoic acid and 
cholme in an inert solvent and isolating the product. Particularly an enoiva.en, of choline is 
used. 

so In another aspect the present invention provides the compound obtainable by reacting (2S)-2. 
emoxy-3-(4-{2-rhexyl(2-phen^^ 

tns(hydroxymemyl)memylamine and isolating the product. Particularly an equivalent of 
tris(hydroxymethyl)methylamine is used. 
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The expression "inert solvent" refers to a solvent that does not react with the starting materials, 
reagents, intermediates or products in a manner which adversely affects the yield of the desired 
product. 

5 

Pharmaceutical preparations 

The compounds of the invention will normally be administered via the oral, parenteral, 
intravenous, intramuscular, subcutaneous or in other injectable ways, buccal, rectal, vaginal, 
10 transdermal and/or nasal route and/or via inhalation, in the form of pharmaceutical 

preparations in a pharmaceutically acceptable dosage form. Depending upon the disorder and 
patient to be treated and the route of administration, the compositions may be administered at 
varying doses. 



is Suitable daily doses of the compound of the invention in therapeutical treatment of h 
are about 0.0001-100 mg/kg body weight, preferably 0.001-10 mg/kg body weight 



umans 



Oral formulations are preferred particularly tablets or capsules which may be formulated by 
methods known to those skilled in the art to provide doses of the active compound in the 
ao range of 0.5mg to 500mg for example 1 mg, 3 mg, 5 mg, 10 mg, 25mg, 50mg, lOOmg and 
250mg. 

According to a further aspect of the invention there is thus provided a pharmaceutical 
formulation including the compound of the invention in admixture with pharmaceutically 
acceptable adjuvants, diluents and/or carriers. 

25 

Pharmacological properties 

The compounds of the invention are useful for the prophylaxis and/or treatment of clinical 
conditions associated with inherent or induced reduced sensitivity to insulin (insulin 
so resistance) and associated metabolic disorders (also known as metabolic syndrome). These 
clinical conditions will include, but will not be limited to, general obesity, abdominal obesity, 
arterial hypertension, hyperinsulinaemia, hyperglycemia, type 2 diabetes and the 
dyslipidaemia characteristically appearing with insulin resistance. This dyslipidaemia, also 
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.mown as the a,he ro ge„ ic lipoproteta pro fi,e. „ characterised by moderately devateo non- 
estenfied fatiy acids, e,evated very I„„ density apoprotein CVLDL) .rigiyeeride rieh particles 
h,*, Apo B leve k , low high density apoprotein (HDL) levels associate with ,ow apoAI 

. ^ r« m an ? 8h Airo b ieveis * ~ ° f ,ow *-» 

5 (LDL) particles, phenotype B. 

riz r ds °h? present teven,io ° - e ™ » - useM in — » p— » 

combated or naxed hyperlipidemias or various degrees of hyperbig.yceridentiaa and 
postprandtal dysapidemia witb or without other mamfesteuons of the metabolic syndrom, 

^!«^«to^ to » ltt-Wtal[li>iii 
anbmflammatory properUes. The cardiovascular disease conditions inclnde macro- 
angtopamiet , of varions internal organs cansing myocardial infarction, congestive heat, 

» Because of as msuhn sensitizing effect the compound is a!so expected to prevent or deiay the 
*ve,opmen, of type a diabetes from the meteboac syndrome and mane Jof prcgl 
Therefore the deve.opmen, onong-term complications associated with chronic 

iLtn^ ^ ^ " -sing rena, disease, 

rctina, damage and peripheral vascuiar disease of the iower ambs are expected to be delayed 
r. ^ennorcthecompoandmay beusefid intieatmen, of various conmnL oatsid^ " 
canbovascular system whether or no, associated with insuim resistance, iike polycystic 
ovar.au syndrome, obesay, cancer and ste.es of inflammatory disease including 
neurodegenerative disorders such as mUd cognitive impainuent, Alzheimer's disease 
Parkznson s disease and multiple sclerosis. 



25 



The compounds of the prcsen, invention are expected to be usefia in continuing glucose 
levels m patients suffering from type 2 diabetes. 

The present invention ptovides a metitod of treating or preventing dyslipidetnias, the insubn 
so reststance syndrome and/or me,aboUc disorder (as defined above) comprising die 

utrtetT 0,, ^*^^<-»- (Particmar) yahnman)in 
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The present invention provides a method of treating or preventing type 2 diabetes comprising 
the administration of an effective amount of a compound of the present invention to a 
mammal (particularly a human) in need thereof. 

In a further aspect the present invention provides the use of a compound of the present 
invention as a medicament. 

In a further aspect the present invention provides the use of a compound of the present 
invention in the manufacture of a medicament for the treatment of insulin resistance and/or 
metabolic disorders. 
Combination Therapy . 

The compounds of the invention may be combined with another therapeutic agent that is 
useful in the treatment of disorders associated with the development and progress of 
atherosclerosis such as hypertension, hyperlipidaemias, dyslipidaemias, diabetes and obesity. 
The compound of the invention may be combined with another therapeutic agent that 
decreases the ratio of LDLrHDL or an agent that causes a decrease in circulating levels of 
LDL-cholesterol. In patients with diabetes mellitus the compound of the invention may also 
be combined with therapeutic agents used to treat complications related to micro- 
angiopathies. 

A compound of the invention may be used alongside other therapies for the treatment of 
metabolic syndrome or type 2 diabetes and its associated complications, these include 
biguanide drugs, for example metformin, phenformin and buformin, insulin (synthetic insulin 
analogues, amylin) and oral antihyperglycemics (these are divided into prandial glucose 
regulators and alpha-glucosidase inhibitors). An example of an alpha-glucosidase inhibitor is 
acarbose or voglibose or miglitol. An example of a prandial glucose regulator is repaglinide or 
nateglinide. 

In another aspect of the invention, the compound of formula I, or a pharmaceutically 
acceptable salt thereof, may be administered in association with a PPAR modulating agent. 
PPAR modulating agents include but are not limited to a PPAR alpha and/or gamma and/or 
delta agonist, or pharmaceutically acceptable salts, solvates, solvates of such salts or prodrugs 
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thereof. Suitable PPAR ^ mi/oI ganlma agonists> pharmaceudcal]y ^ 
solvates, solvates of sueh salts or prodrugs thereof axe well knowu i„ «he art. These include 
the compounds described iu WO 01/12187, WO 01/12612, WO 99/62870, WO 99/62872 
WO 99/62871, WO 98/57941, WO 01/40170. WO 04/000790, WO 04/000295 WO ' 

s 04/000294, WO03/051822.WO03/051821.WO02/096863.WO03/051826 WO 
02/085844, WO 01/040,72, , Med Cheru, ,996. 39, 665, Expert Opiniou on Therapeutic 
Patems, ,0 (5). 623-634 (in particular die compounds described in the patent applications 
listed on page 634, and J Med Chem. 2000, 43, 527 which are all incorporated herein by 
reference. Particularly a PPAR alpha and/or gamma and/or delta agonis, refers ,0 muraglitazar 

a (BMS 298585), rivoglittzone (CS-Ol 1), netoglitazone (MCC-555), balaglilazone (DRP-2593 
NN-2344), cloflbrate. fenofibrate, bezafibrate, gemfibrozil , ciprofibrale. pioglitazone 
rosightazone, AVB^)847, AVE-8134, CLX-0921, DRF-10945, DRF-4832, LY-518674 LY 
818, LY-929, 641597, GW-590735. GW-677954, GW-501516, MBX-102, ONO-5129 
KRP-101, R-483 (BM131258), TAK-559 or TAK-654. Particularly a PPAR alpha and/or 

i gamma and/or de,ta agonist refers to tesaglitazar ((S)-2-ettoxy-3-[4-(2- { 4-mettanesmphonyl- 
oxyphenyl}e*oxy)phenyl]propanoic acid) and pharmaceutical^ acceptable sails thereof. 

In addition a compound of me invention may be used in conjunction Witt a sulfonylurea for 
example: glimepiride, glibenclamide (glyburide), gliclazide, glipizide, gliquidone 
chloropropamide, lolbntamide, acetohexamide, glycopyramide, carbulamide, ghbonuride 
glisoxepid, glybuthiazole, glibuzole, glyhexamide, glymidine, glypinamide. phenbulamide 
.olcy.amide and tolazamide. Preferab ly the sulfonylurea is glimepiride or glibenclamide ' 
(glyburide). More preferably the sulfonylurea is glimepiride. The present invention includes 
admmistiation of a componnd of tte present invention in conjunction witt one, two or more 
existing therapies described in this combination section. The doses of the other existing 
therapies for tte treatment of type 2 diabetes and its associated complications will be those 
known m the art and approved for use by regulatory bodies for example the FDA and may be 
found in tte Orange Book published by tte FDA. Alternatively smaller doses may be used as 
a result of tte benefits derived from tte combination. The present invention also includes a 
compound of tte present invention in combination with a cholesterol-lowering agent The 
cholesterol-lowering agems referred ,o in this application include but are not limited to 
inhibitors of HMG-CoA reductase O-hydroxy-S-mettylgJutaryl coenzyme A reductase) 
Suitably tte HMG-CoA reductase inhibitor is a statin selected from tte group consisting of 
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atorvastatin, bervastatin, cerivastatin, dalvastatin, fluvastatin, itavastatin, lovastatir*., 
mevastatin, nicostatin, nivastatin, pravastatin and simvastatin, or a pharmaceutical y 
acceptable salt, especially sodium or calcium, or a solvate thereof, or a solvate of s-uch a salt. 
A particular statin is atorvastatin, or a pharmaceutical^ acceptable salt, solvate, solvate of 
such a salt or a prodrug thereof. A more particular statin is atorvastatin calcium salt. A 
particularly preferred statin is, however, a compound with the chemical name (Ey^-[4-(4- 
fluorophenyl)-6-isopropyl-2-[memyl(methylsmfonyl)-amino]-pyrimidm-5-yU 
dihydroxyhept-6-enoic acid, [also known as (E)-7-[4-(4-fluorophenyl)-6-isoprbpyl-2-[W- 
memyl-^(memylsmfonyl)-amino]pyri^ 

or a pharmaceutically acceptable salt or solvate thereof, or a solvate of such a salt. The 
compound (E)-7-[4-(4-fluorophenyl)-6-isopropyl-2-[memyl-(memylsmfonyl)-ainiirio]- 
pyrimidin-5-yl](3R,5S)-3,5-dihydroxyhept-6-enoic acid, and its calcium and sodiurxn salts are 
disclosed in European Patent Application, Publication No. EP-A-0521471, and in Bioorganic 
and Medicinal Chemistry, (1997), 5(2), 437-444. This latter statin is now known lander its 
generic name rosuvastatin. 

In the present application, the term "cholesterol-lowering agent" also includes chemcal 
modifications of the HMG-CoA reductase inhibitors, such as esters, prodrugs and irmetabolites, 
whether active or inactive. 

The present invention also includes a compound of the present invention in combination with 
a bile acid sequestering agent, for example colestipol or cholestyramine or cholesteagel. 

The present invention also includes a compound of the present invention in combination with 
an inhibitor of the ileal bile acid transport system (IB AT inhibitor). 

Suitable compounds possessing IB AT inhibitory activity have been described, see for instance 
the compounds described in WO 93/16055, WO 94/18183, WO 94/18184, WO 96^05188, 
WO 96/08484, WO 96/16051, WO 97/33882, WO 98/07449, WO 98/03818, WO 98/38182, 
WO 99/32478, WO 99/35135, WO 98/40375, WO 99/35153, WO 99/64409, WO EP9/64410,' 
WO 00/01687, WO 00/47568, WO 00/61568, WO 00/62810, WO 01/68906, DE 19825804, 
WO 00/38725, WO 00/38726, WO 00/38727, WO 00/38728, WO 00/38729, WO CD1/68906, ' 
WO 01/66533, WO 02/32428, WO 02/50051, EP 864 582, EP489423, EP549967-, 
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EP573848, EP624593, EP624594 EP624595 anri PPfiOzKo* a .u 

rvww, nrM^ and EP624596 and the contents of these patent 

applications are incorporated herein by reference. Further suitable coxnpunds possessing 
IBAT mhibitory activity have been described in WO 94/24087, WO 98/56757, WO 00/20392 
WO 00/20393, WO 00/20410, WO 00/20437, WO 01/34570, WO 00/35889, WO 01/68637 ' 

5 WO02/08211,WO03/020710,WO03/022825,WO03/022830,WO03/022286 WO ' 
03/091232, WO 03/106482, JP 10072371, US 5070103, EP 251 315, EP 417 725 EP 869 
121, EP 1 070 703 and EP 597 107 and the contents of these patent applications are 
incorporated herein by reference. 

» Pmi ^"^«oflBAT ta Ubi,o reS ui ra bleforu Sei „ ai e P res e nttave n aona re 

benzothiepines, and the compounds described in «he claims, particularly claim 1 of WO 
00/01687, WO 96/08484 and WO 97/33882 are incorporated herein by reference. Other 
suitable classes of IBAT inhibits are the 1,2-benzomiazepinea, 1.4-benzottuazepines and 
1,5-benzotbiazepines. A further suitable class of IBAT inhibitors is me 1,2,5- 

15 benzothiadiazepines. 

One particular suitable compound possessing IBAT inhibitory activity is ( 3fl,5*)-3-bu,yl-3- 
emyl-l,l-moxido-5-phen y l-2,3,4,5-tetiahydro-l,4.benzotiuaze P in-8-yl D-D- 
glucopyranosiduronio acid (BP 864 582). Other suitable IBAT inhibitors include one of 

hydroxybenzyl}carbamoylme,hoxy)-2,3,4,5-tetrahydro-l,5-ben 2 o.lua 2 epme- 
l.l-dtoxo-S.S-mbutyl-S-phenyl^-memyltWo-SKiV^TO-r.phenyl-l'-^' 

U-*°x°-3-butyl-3^ftyl-5.phenyl-7-mem^^^ 

suIpho^yl)carbamoyI ] memy 1) carbarnoylmemoxy)-2,3,4,5-tetiahydro.l^ 
l.l-moxo-3.3-dibuty l -5-phenyl-7-memylt m o-8-(/ V .((R).«. [ ^^^ 

hydroxybe n zyl)carbamoyImemoxy).2,3,4,5-tetrah y dro-l,5.benzotinazepi„e- 
3. l.l^»-3-butyl.3^my..5-phenyl-7-methyItmc-8^-{^ 

carbamoyl ] ^hydroxybe„ 2y l } carbamoylmemoxy,-2.3,4,5-t«rahyd,o-l,5-be^ 

1 . 1 ^o^3^-3^1-S-ph<myl-7-iiiethyltmo-8^-{(R)^[iV' K 2. 
carttoxyemy^carbamoyljbenzyljcarb^^ 
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U-dioxo-3,3-dibutyl-5-phenyl-7-methylthio^ 

hydroxybenzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro- 1 ,5-benzotbiazepine; 
U-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyl^ 

carbamoyl]ben2yl}carbamoylmethoxy)-2 I 3,4,5-tetrahydro-l ) 5-benzothiazepine; 
U-dioxo-3,3-dibutyl-5-phenyl-7-methyltMo^^ 

benzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro-l,5-benzothiazepine; 
U-dioxo-3>dibutyl-5-phenyl-7^^ 

fluorobeuzyl}carbamoylmethoxy)-23A5-tetrahydro-l,5-benzothiazepine; 
U-dioxo-3-butyl-3-ethyl-5-phenyl-7-methyltW^^ 

carboxyethyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3A5-tetrahy^ 

1 , l-dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(iV- {(R)-a-[AT-(R)-(2-hydroxy-l- 

carboxyethyl)carbamoyl]benzyl}c^ 

UKhoxo-3,3-dibutyl-5-phenyl-7-methylthio^ 

carboxyethyl)carba m oyl]-2-hydroxyethyl}carbamoyl)benzyl]carbamoylmethoxy}-2,3,4,5- 
tetrahydro- 1 ,5-benzothiazepine; 

U^ioxo-3-butyl-3-ethyl-5-phenyl-7-methyl^ 

benzyl }carbamoylmethoxy)-2,3,4,5-tetrahydro- 1 ,5-benzothiazepine; 

U-dioxo-3-butyl-3-e^^ 

methyl)carba m oyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahyojo-l,5-ben^ 
l,l-dioxo-3-butyl-3-ethyl-5-phenyl-7-methylthio-8-{iV-[(R)-a-(iV'-{2- 

t(hydroxy)(methyl)phosphoiyl]ethyl}carbamoyl)beiizyl]carbamoylmethoxy}-2,3,4,5- 
tetrahydro- 1 ,5-benzothiazepine; 

1 , 1 -dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(W- { (R)-a-[iV'-(2-methylthio- 1 - 

carboxyethyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro^ 

l,l-(hoxo-3,3-dibutyl-5-phenyl-7-methylthio-8-{^-[(R)-a-(iV'-{2-[(methyl)(ethyl) 

phosphoiyl]ethyl}carbamoyl)-4-hydroxybenzyl]carbamoylmethoxy}-2,3,4,5-tetrahy^^ 
benzothiazepine; 

l,l-dioxo-33^ibutyl-5-phenyl-7-methyltWo-8-{iV-[(R)-a-(^'-{2-[(methyl)(hydroxy) 

phosphoryl]ethyl}carbamoyl)-4-hydroxybeiizyl]carbamoylmethoxy}-2,3,4,5-tetrahy^ 
benzothiazepine; 

lJ-dioxo-3,3-dibutyl-5-phenyl-7-methyltmo-8-(^-{(R)-a-[(R)-^'-(2-methylsulphin 
carboxyethyl)carbamoyl]benzyl}caA^ 
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U^oxo-3,3-cUbutyl^^ 

hydroxyben2yl}carbamoylmethoxy]-2,3,4,5-tetrahydro-l,5-beri 2 otWa2epin^ 
^-*°*°-3>dibutyl-5-phe^^ 

ethyl)carbamoyl]^-hydroxyben2yl}carbamoyImethoxy)-2,3,4,5-tetrah^^ 
5 benzothiadiazepine; 

U-dioxo-33-dibutyl-5-phenyl-7-me^ 

^oxypropyDcarbamoyl]^^ 

benzothiadiazepine; 

U-dioxo-33-dibutyl-5-pheny^ 
benzothiadiazepine; 

lJ-dioxo-33-dibutyl-5-phenyl-7-methyIthio-8-(^-{(R)-a-[Ar.((S)-^ 

carbamoyl]^hydroxybenzyl}carbamoylmethoxy)-2,3,4 > 5-tetrahydro^^ 
benzothiadiazepine; 

is U-dioxo-3,3-dibutyl-S- P heny^^ 

^amoyl]benzyl}carbamoylmethoxy)-2,3A5-tetrahydro^ 
U-cnoxo-3,3-cubutyl-5-phenyl^^ 

^amoyl]benz y l}carbamoylmethoxy)-2,3,4,5-tetrahy(iro^ 
14-dioxo-33-dibutyl-5-phenyl-7-methyltWo-8^-{(R)-a-[Ar-((^ 

benzothiadiazepine; 
U-dioxo-3,3-dibutyl-5-phe^^^^^^ 

hydroxybenzyl}carbamoylmethoxy)-2,3A5-tetrahydro-l,2,5-benzotWad^ 
1 , 1 -dioxo-3,3-dibutyl-5-phenyl-7-methylthio-8-(iV- { (R)-a-[jV-((S)- 1 - 

benzothiadiazepine; 

U-dioxo-3,3-(ubutyl-5-phenyl-7-me^^ 

methylthioethyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-te^^ 
benzothiadiazepine; 

so U-dioxo^3-dibutyl-5-p^^^ 

carboxyethy])carbamoyl]propyl}carbamoyl]benzyl}carbamoy^^ 
1 ,2,5-benzothiadiazepine; 
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14-dioxo-33-dibutyl-5-phenyl-7-methylthio-8-(iV-{(R)-a-[^-((S)-l-carboxy-2- 

methylpropyl)carbamoyl]benzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-l,2,5- 
benzothiadiazepine; 

U-Dioxo-3,3-abutyl-5-phenyl-7-memyl^ 

5 carbamoyl]-4-hydroxybenzyl}carbamoylmethoxy)-2,3,4,5-tetrahydro-l,2,5- 
benzothiadiazepine; 

U-Dioxo-3,3-mbutyl-5-phenyl-7-memtf^ 

(3,4-dihydroxyphenyl)prop-2-yl]carbamoyl}^-hydroxybenzyl)carbamoylmethox 
tetrahydro- 1 ,2,5-benzothiadiazepine; 

10 U-Dioxo-3,3-dibutyl-5-phenyl-7-metoyltmo-8-(AM 

23,4,5,6-pentahydroxyhexyl)carbamoyl]^-hydroxybenzyl}carbamoylmethoxy)-2,3,4 J 5- 
tetrahydro- 1,2,5-benzothiadiazepine; and 

U4)ioxo-3,3-cUbutyl-5-phenyl-7-me m yltWo-8-W 
2 >3.4,5,6-pentahya^oxyhexyl)carbamoyl]benzyl}c^^ 
is 1,2,5-benzothiadiazepine; 

or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof.. 

According to an additional further aspect of the present invention there is provided a 
combination treatment comprising the administration of an effective amount of a compound 
of the present invention the formula A optionally together with a pharmaceutically acceptable 
diluent or carrier, with the simultaneous, sequential or separate administration one or more of 
the following agents selected from: 

a CETP (cholesteryl ester transfer protein) inhibitor, for example those referenced and 
described in WO 00/38725 page 7 line 22 - page 10, line 17 which are incorporated herein by 
reference; 

a cholesterol absorption antagonist for example azetidinones such as SCH 58235 and those 
described in US 5,767,115 which are incorporated herein by reference; 
a MTP (microsomal transfer protein) inhibitor for example those described in Science, 282, 
751-54, 1998 which are incorporated herein by reference; 

a nicotinic acid derivative, including slow release and combination products, for example, 
nicotinic acid (niacin), acipimox and niceritrol; 
a phytosterol compound for example stanols; 
probucol; 
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an omega-3 fatty acid for example Omacor™; 

an anti-obesity compound for example orlistat (EP 129,748) and sibutramine (GB 2,184,122 
and US 4,929,629); 

an antihypertensive compound for example an angiotensin converting enzyme (ACE) 
inhibitor, an angiotensin H receptor antagonist, an andrenergic blocker, an alpha andrenergic 
blocker, a beta andrenergic blocker for example metoprolol, a mixed alpha/beta andrenergic 
blocker, an andrenergic stimulant, calcium channel blocker, an AT-1 blocker, a saluretic, a 
diuretic or a vasodilator; 

a CB1 antagonist or inverse agonist for example as described in WO01/70700 and EP 65635 ; 
aspirin; 

a Melanin concentrating hormone (MCH) antagonist; 
a PDK inhibitor; or 

modulators of nuclear receptors for example LXR, FXR, RXR, and RORalpha; 
or a pharmaceutical^ acceptable salt, solvate, solvate of such a salt or a prodrug thereof, 
optionally together with a pharmaceutical^ acceptable diluent or carrier to a warm-blooded 
animal, such as man in need of such therapeutic treatment. 

Particular ACE inhibitors or pharmaceutical^ acceptable salts, solvates, solvate of such salts 
or a prodrugs thereof, including active metabolites, which can be used in combination with a 
compound of the invention include but are not limited to, the following compounds: alacepril, 
alatriopril, altiopril calcium, ancovenin, benazepril, benazepril hydrochloride, benazepril, 
benzoylcaptopril, captopril, captopril-cysteine, captopril-glutathione, ceranapril, ceranopril, 
ceronapril, cilazapril, cilazaprilat, delapril, delapril-diacid, enalapril, enalaprilat, enapril, 
epicaptopril, foroxymithine, fosfenopril, fosenopril, fosenopril sodium, fosinopril, fosinopril 
sodium, fosinoprilat, fosinoprilic acid, glycopril, hemorphin-4, idrapril, imidapril, indolapril, 
indolaprilat, libenzapril, hsinopril, lyciumin A, lyciumin B, mixanpril, moexipril, moexiprilat, 
moveltipril, muracein A, muracein B, muracein C, pentopril, perindopril, perindoprilat, 
pivalopril, pivopril, quinapril, quinapril hydrochloride, quinapril, ramipril, ramiprilat, 
spirapril, spirapril hydrochloride, spiraprilat, spiropril, spiropril hydrochloride, temocapril, 
temocapril hydrochloride, teprotide, trandolapril, trandolaprilat, utibapril, zabicipril, 
zabiciprilat, zofenopril and zofenoprilat. Preferred ACE inhibitors for use in the present 
invention are ramipril, ramiprilat, Hsinopril, enalapril and enalaprilat. More preferred ACE 
inhibitors for uses in the present invention are ramipril and ramiprilat. 
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Preferred angiotensin II antagonists, pharmaceutically acceptable salts, solvates, solvate of 
such salts or a prodrugs thereof for use in combination with a compound of the invention 
include, but are not limited to, compounds: candesartan, candesartan cilexetil, losartan, 
valsartan, irbesartan, tasosartan, telmisartan and eprosartan. Particularly preferred angiotensin 
H antagonists or pharmaceutically acceptable derivatives thereof for use in the present 
invention are candesartan and candesartan cilexetil. 

Therefore in an additional feature of the invention, there is provided a method for for the 
treatment of type 2 diabetes and its associated complications in a warm-blooded animal, such 
as man, in need of such treatment which comprises administering to said animal an effective 
amount of a compound of the present invention in simultaneous, sequential or separate 
administration with an effective amount of one the other compounds described in this 
combination section, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
prodrug thereof. 

Therefore in an additional feature of the invention, there is provided a method of treating 
hyperlipidemic conditions in a warm-blooded animal, such as man, in need of such treatment 
which comprises administering to said animal an effective amount of a compound of the 
present invention of a compound of the invention in simultaneous, sequential or separate 
administration with an effective amount of one the other compounds described in this 
combination section or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
prodrug thereof. 

According to a further aspect of the invention there is provided a pharmaceutical composition 
which comprises a compound of the present invention and one of the other compounds 
described in this combination section or a pharmaceutically acceptable salt, solvate, solvate of 
such a salt or a prodrug thereof, in association with a pharmaceutically acceptable diluent or 
carrier. 



According to a further aspect of the present invention there is provided a kit comprising 
compound of the present invention and one of the other compounds described in this 
combination section or a pharmaceutically acceptable salt, solvate, solvate of such a salt 
prodrug thereof. 
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According to a further aspect of the present invention there is provided a kit comprising: 

a) a compound of the present invention in a first unit dosage form; 

b) one of the other compounds described in this combination section or a pharmaceutically 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof; in a second unit dosage 
form; and 

c) container means for containing said first and second dosage forms. 

According to a further aspect of the present invention there is provided a kit comprising: 

a) a compound of the present invention together with a pharmaceutically acceptable diluent 
or carrier, in a first unit dosage form;. . 

b) one of the other compounds described in this combination section or a pharmaceutically 
acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in a second unit dosage 
form; and 

c) container means for containing said first and second dosage forms. 

According to another feature of the invention there is provided the use of a compound of the 
present invention of the present invention and one of the other compounds described in this 
combination section, or a pharmaceutically acceptable salt, solvate, solvate of such a salt or a 
prodrug thereof, in the manufacture of a medicament for use in the the treatment of metabolic 
syndrome or type 2 diabetes and its associated complications in a warm-blooded animal, such 
as man. 

According to another feature of the invention there is provided the use of a compound of the 
present invention and one of the other compounds described in this combination section, or a 
pharmaceutically acceptable salt, solvate, solvate of such a salt or a prodrug thereof, in the 
manufacture of a medicament for use in the treatment of hyperlipidaemic conditions in a 
warm-blooded animal, such as man. 

According to a further aspect of the present invention there is provided a combination 
treatment comprising the administration of an effective amount of a compound of the present 
invention optionally together with a pharmaceutically acceptable diluent or carrier, with the 
simultaneous, sequential or separate administration of an effective amount of one of the other 
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compounds described in this combination section, or a pharmaceutical^ acceptable salt, 
solvate, solvate of such a salt or a prodrug thereof, optionally together with a 
pharmaceutically acceptable diluent or carrier to a warm-blooded animal, such as man in need 
of such therapeutic treatment. 

Experimental 

*H NMR and 13 C NMR measurements were performed on a Varian Mercury 300 or Varian 
UNITY plus 400, 500 or 600 spectrometers, operating at l H frequencies of 300, 400, 500 and 
600 MHz, respectively, and at 13 C frequencies of 75, 100, 125 and 150 MHz, respectively. 
Measurements were made on the delta scale (5); 

Unless otherwise stated, chemical shifts are given in ppm with the solvent as internal 
standard. 

X-ray powder diffraction analysis (XRPD) was performed using variable slits on samples 
prepared according to standard methods with and/or without using an internal standard. 
Standard methods are, for example described in Giacovazzo, C. et al (1 995), Fundamentals of 
Crystallography, Oxford University Press; Jenkins, R. and Snyder, R. L. (1996), Introduction 
to X-Ray Powder Diffractometry, John Wiley & Sons, New York; Bunn, C. W. (1948), 
Chemical Crystallography, Clarendon Press, London; or Klug, H. P. & Alexander, L. E. 
(1974), X-ray Diffraction Procedures, John Wiley and Sons, New York. X-ray analyses were 
performed using a Siemens D5000 diffractometer or a Philips X'Pert MPD. . X-ray analyses 
were performed using Cu-radiation a Siemens D5000 diffractometer and a Philips X'Pert 
MPD. The X-axis in the figures below is 2-theta and the Y axis is intensity. 

Differential scanning calorimetry (DSC) was performed using a Mettler DSC820, a Mettler 
DSC820E or a Perkin Elmer DSC 7 instrument, according to standard methods, for example 
those described in Hohne, G. W. H. et al (1996), Differential Scanning Calorimetry, Springer, 
Berlin. 



Thermogravimetric analysis (TGA) was performed using a Mettler Toledo TGA850, a Mettler 
Toledo TG851 or a Perkin Elmer TGA 7 instrument. 
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It will be appreciated by the skilled person that crystalline forms of compounds of the 
invention may be prepared by analogy with processes described herein and/or in accordance 
with the Examples below, and may show essentially the same XRPD diffraction patterns 
and/or DSC and/or TGA thermograms as those disclosed herein. By "essentially the same" 
XRPD diffraction patterns and/or DSC and/or TGA thermograms, we include those instances 
when it is clear from the relevant patterns and/or thermograms (allowing for experimental 
error) that essentially the same crystalline form has been formed. When provided, DSC onset 
temperatures may vary in the range ±5°C (e.g. ±2°C), and XRPD distance values may vary in 
the range ±2 on the last decimal place. It will be appreciated by the skilled person that XRPD 
intensities may vary when measured for essentially the same crystalline form for a variety of 
reasons including, for example, preferred orientation. 



Abbreviations 



NMR Abbreviations 

t triplet 

s singlet 

d doublet 

q quartet 

m multiplet 

bs broad singlet 



XRPD Abbreviations 

XRPD X-ray powder diffraction 

d-value the spacing between successive parallel hkl planes in a crystal lattice 



Intensity (rel %) 


Definition 


25 - 100 


vs (very strong) 


10-25 


s (strong) 


3-10 


m (medium) 


1-3 


w (weak) ^ 



thermogravimetric analysis 
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DSC differential scanning calorimetry 
Examples 

Preparation of Starting Material 
5 Method 1 



(2^-2-Efooxy-3-(4^2-mexvir2-Dhenv^^ 

(i) Ethyl (25)-3-{4-r2-(ben7.vloxvV2-oxo e t hoxv1phen Y T }-2-ethoxvp ro paT m g t P 



10 



To a solution of ethyl (25)-2-ethoxy-3-(4-hydroxyphenyl)propanoate (23.8 g, 100 mmol, 
prepared as described in W099/62872) in acetonitrile (200 mL) was added anhydrous potassium 
carbonate (31.9 g, 231 mmol) followed by benzyl bromoacetate (17.4 mL, 110 mmol) and the 
reaction mixture was refluxed overnight. The reaction , mixture was allowed to cool to room 
is temperature, insoluble salts were filtered off and the solution was concentrated in vacuo. The 
residue was taken up in ethyl acetate (300 mL), and the organic phase was washed with aqueous 
NaHC0 3 (3 x 100 mL) and brine (100 mL), dried over anhydrous MgS0 4 , and concentrated in 
vacuo. Purification on silica gel with methylene chloride as the eluent and collection of pure 
fractions yielded 22.4 g (58%) of a yellow oil. 



20 



*H NMR (400 MHz, CDCI3): 8 1.16 (t, 3H), 1.22 (t, 3H), 2.93-2.97 (m, 2H), 3.35 (m, 1H), 3.60 
(m, 1H), 3.97 (m, 1H), 4.16 (q, 2H), 4.64 (s, 2H), 5.23 (s, 2H), 6.82 (d, 2H), 7.15 (d, 2H), 7.32- 
7.39 (m, 5H). 

25 13 C NMR (100 MHz, CDCI3): 5 14.3, 15.2, 38.6, 60.9, 65.6, 66.3, 67.0, 80.4, 114.6, 128.5, 
128.6, 128.7, 130.6, 135.3, 156.7, 169.0, 172.6. 

(») 1 4 -rC2.T)-2.3-Diethoxv-3- oxopropvnphenoxvl acetic acid 

30 To a solution of ethyl (25)-3-{4-[2.(benzyloxy)-2-oxoethoxy]phenyl}-2-ethoxypropanoate 
(22.33 g, 57.8 mmol) in freshly distilled THF (290 mL) was added Pd/C (10%, 3.1 g) and the 
reaction mixture was hydrogenated under atmospheric pressure at room temperature overnight. 
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The mixture was filtered through a plug of Celite and the filtrate was concentrated in vacuo to 
afford 16.6 g (97%) of a light yellow oil. 

'H NMR (400 MHz, CDC1 3 ): 5 1.15 (t, 3H), 1.21 (t, 3H), 2.93-2.98 (m, 2H), 3.35 ( m , 1H), 3.60 
5 (m, 1H), 3.97 (m, 1H), 4.16 (q, 2H), 4.65 (s, 2H), 6.84 (d, 2H), 7.17 (d, 2H), 8.48 (bs, 1H) 

13 C NMR (100 MHz, CDa 3 ): 5 14.3, 15.1, 38.5, 61.0, 65.1, 66.4, 80.3, 114.6, 130.7, 130 9 
156.4, 172.7, 173.7 

10 ^ Efty^^-ethoxy-S^^ 
propanoate . 

To a solution of (4-[(2S)-2,3-diethoxy-3-oxopropyl]phenoxy)aceUc acid (0.110 g, 0.37 mmol) in 
methylene chloride (3.7 mL) were added N-hexyl-2-phenylemylamine (0.080 g. 0.39 mmol) and 

,s DMAP (0.045 g. 0.37 mmo!) followed by l-myl-3-(3-dimemylammo P ropyl)carbodiirmde 
hydrochloride (0.071 g. 0.37 mmol), and the reaction mixture was stirred at room temperature 
overnight The mixture was diluted with methylene chloride (25 mL). and the organic phase was 
washed Witt, 5% HC1 (3 x 25 mL), aqueous NaHCO, (25 mL) and brine (25 mL). drier! over 
Na^O,. and concentrated in vacuo. Purification on a prepacked column of silica gel (Isolute® 

» SPE Column, 5 g Si/25 mL) with methanol (0-1% gradient) in methylene chloride as the eluent 
yielded 0. 125 g (70%) of a colourless oil. 

'H NMR (400 MHz, CDC1 3 ): 8 0.82-0.92 (m, 3H), 1.16 (., 3H), 1.19-1.33 (m, 9H), 1 45-1 65 
(m. 2H), 2.82-2.90 (m, 2H), 2.91-2.98 (m, 2H), 3.12-3.21 and 3.29-3.42 (2m, 3H, rotamers) 
2S 3.50-3.65 (m, 3H), 3.95 (m,lH), 4.16 «,, 2H), 4.39 and 4.65 (2s, 2H, reamers), 6.75 and 6.86 
(2d, 2H, rotamers), 7. 10-7.34 (m, 7H). 

,S C NMR (100 MHz, CDC1 3 ): 8 14.0, 14.1, 14.3. 15.1, 22.6, 26.5, 26.7, 27.4, 29.0, 31.5 31 6 
33.9, 35.3, 38.5, 45.9, 48.1, 48.3, 48.9, 60.8, 66.2. 67.5, 80.4, 1 14.5, 126.4, 126.9, 128 5 128 9 
30 130.1. 130.2, 130.5, 130.5, 138.3, 139.2, 156.9, 157.0, 167.6, 167.8, 172.5. (The number of 
peaks is larger than the number of carbon atoms due to rotamers.) 
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(iv) (2^-2-Ethoxy-3-f4-{7-|^ ar - H 

To a solution of ethyl (25)-2-ethoxy-3-(4-{2-[hexyl(2-phenylethyl)a I nino]-2- 
oxoethoxy}phenyl)propanoate (0.081 g, 0.17 mmol) in THF (8.6 mL) was added 4.3 mL of a 
0.10 M LiOH solution and the reaction mixture was stirred at room temperature overnight. The 
reaction mixture was acidified with 2M HC1 and extracted with ethyl acetate (3 x 25mL). The 
combined organic phase was washed with brine (25 mL), dried over Na 2 S0 4 , and concentrated in 
vacuo to afford 0.073 g (96%) of a colourless oil. 

! H NMR (400 MHz, CDC1 3 ): 8 0.82-0.93 (m, 3H), 1.15 (t, 3H), 1.20-1.35 (m, 6H), 1.47-1.62 
(m, 2H), 2.80-2.99. (m, 3H), 3.0(K3.09 (m, 1H), 3.11-3.21 and 3.31-3.44 (2m, 3H, xotamers), 
3.50-3.67 (m, 3H), 4.01 (m, 1H), 4.40 and 4.66 (2s, 2H, rotamers), 6.75 and 6.85 (2d, 2H, 
rotamers), 7.10-7.35 (m, 7H), 8.86 (bs, 1H). 

13 C NMR (100 MHz, CDC1 3 ): 5 14.0, 14.1, 15.1, 22.6, 22.6, 26.6, 26.7, 27.3, 28.9, 31.5, 31.6, 
33.8, 35.2, 38.1, 46.1, 48.3, 48.4, 49.0, 66.7, 67.4, 79.9, 114.6, 126.4, 127.0, 128.6, 128.9, 130.o' 
130.1, 130.6, 130.7, 138.2, 139.1, 156.9, 157.0, 168.1, 168.2, 175.6. (The number of peaks is 
larger than the number of carbon atoms due to rotamers.) 

Method 2 

(2^-2-ethoxv-3-(4-{2-rhexYl(?.-phenvlethvl)amino1-2-oxnethnv V } Dhe nv1Y rnp a r 1 ^n 
a) Phenethylamine (30.0 g) was treated with 6M aqueous sodium hydroxide (61.5 ml) in 
toluene (100 ml). A solution of chloroacetyl chloride (28.0 g) in toluene (50 ml) was added 
under temperature control. After complete reaction, the reaction slurry was warmed until a 
complete solution was obtained, and the water-phase was removed. The organic phase was 
washed with aqueous hydrogen chloride and water. The resulting toluene phase was reduced 
by evaporation and diisopropylether was added to the toluene solution. The solution was 
cooled and 1-chloro-N-phenethylacetamide (42.3 g) was collected by filtration, washed and 
dried. The product was analysed by LC (99.8 area%) and NMR. 

J H NMR 8 H (400 MHz, CDC1 3 ): 2.88 (t, 2H), 3.60 (dd, 2H), 4.05 (s, 2H), 6.62 (bs, 1H), 7. 19- 
7.58 (m,5H). 
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b) A mixture of potassium carbonate (3 1 .5 g), l-chloro-A/-phenethylacetamide (15.0 g), 
ethyl (25)-2-ethoxy-3-(4-hydroxyphenyl)propanoate (18.1 g) (see WO 99/62871) and 
acetonitrile (150 ml) was stirred and brought to the boil under reflux. After complete reaction, 
the mixture wass cooled and the inorganic salts were filtered off and washed with acetonitrile! 
The remaining solution was reduced by distillation and the product was crystallised from . 
ethyl acetate and hexanes. Ethyl (2S)-2-ethoxy-3-(4-{2-oxo-2-[(2- 

phenylemyl)amino]ethoxy Jphenyl) propanoate (24.5 g) was collected by filtration, washed 
and dried. The product was analysed by LC (98.6 area%) and NMR. 
l H NMR 8 H (400 MHz, CDC1 3 ): 1.18 (t, 3H), 1.26 (t, 3H), 2.86 (t, 2H), 2.96-3.01 (m, 2H), 
3.37 (dq, 1H), 3.58-3.68 (m, 3H), 4.00 (dd, 1H), 4.20 (q, 2H), 4.47 (s, 2H), 6.65 (bs.m), 6.79 
(dm, 2H), 7.14-7.36 (m,7H). . 

c) A solution of ethyl (25)-2-emoxy-3-(4-{2-oxo-2-[(2-phenylethyl)amino]ethoxy}- 
phenyl)propanoate (36.0 g) in THF (270 ml) was added to a solution of lithium hydroxide 
(6.51 g) dissolved in water (360 ml) . The mixture was stirred at room temperature. After 
complete reaction, the mixture was evaporated under reduced pressure to remove THF. After 
evaporation, the reaction mixture was cooled to room temperature and acidified with 
hydrochloric acid. The acidified product was extracted with ethyl acetate. The ethyl acetate 
solution was washed with water and evaporated to a reduced volume. The product was 
crystallised from ethyl acetate and diisopropyl ether. (25)-2-Ethoxy-3-(4-{2-oxo-2-[(2- 
phenylethyl)amino]ethoxy }phenyl)-propanoic acid (28.0 g) was filtered off and washed with 
diisopropyl ether and dried under vacuum. 

'H NMR 5h(400 MHz, CDC1 3 ): 1.20 (t, 3H), 2.85 (t, 2H), 3.00 (dd, 1H), 3.10 (dd, 1H), 3.46 
(dq, 1H), 3.56-3.71 (m, 3H), 4.07 (dd, 1H), 4.45 (s, 2H), 6.68 (bs, 1H), 6.78 (dm, 2H), 7.10- 
7.38 (m, 7H). 

d) Dimethylsulfoxide (DMSO) (2750 mL), potassium hydroxide powder (244 g) and (25)-2- 
ethoxy-3-(4-{2-oxo-2-[(2-phenylethyl)amino]ethoxy}phenyl)propanoic acid (250 g) were 
stirred at approximately 18°C for ca 20 minutes. 1-Bromohexane (344 g = 292 mL) was 
added over 2.5 hours. The reaction mixture was stirred for approximately 10 minutes. 
Diisopropyl ether (1000 mL) was added followed by filtration, extraction and separation of 
the mixture. The DMSO layer was further extracted with diisopropyl ether (2x1000 mL). The 
DMSO layer was acidified with 4M HCl(aq) (950 mL). Diisopropyl ether (3000 mL) and 
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water (2500 mL) were added followed by extraction. The layers were separated (pH~2 of aq 
layer) and the diisopropyl ether layer was washed with water (2500 mL). The diisopropyl 
ether layer was concentrated in vacuo to a clear, very viscous oil. Yield 317 g, assay 88 1% 
corrected yield 91.1%, LC-purity 97.2%, e.e. 97.8%. LC-purity and kiral LC in accordance 
5 with reference sample. 

*H NMR 6 H (400 MHz, CDC1 3 ): 0.75^0.85 (m, 3H), 1.10 (t, 3H), 1.14-1.29 (m, 6H), 1.40-1.55 
(m, 2H), 2.76-2.93 (m, 3H), 2.97-3.06 (m, 1H), 3.06-3.14 and 3.28-3.43 (2m, 3H, rotamers), 
3.45-3.58 (m, 3H), 3.98 (m, 1H), 4.32 and 4.59 (2s, 2H, rotamers), 6.68 and 6.80 (2dm, 2H, 
rotamers), 7.02-7.31 (m, 8H). 



10 



Example 1 . 

0£^=2^vij^^ 
oxoethoxv lphenynp r opanoic acid 

is ( 2 ^-2-Emoxy3<4-{2-[hexyl(2-phenylemyi)annno]-2-oxoe 

(1.51 g) was dissolved in ethyl acetate (15 ml/g) at room temperature. Then (lR,2S)-(+)-cis- 
amino-2-indanol (1 mole equiv) was added to the solution, followed by addition of seed. The 
slurry was stirred at room temperature, and the product (1.89 g) was filtered off to give the 
title compound which was confirmed with XRPD and NMR. 

20 'H-NMR (400 MHz, CDC1 3 ): 

7.5 (1H, d), 7.4-7.1 (10H, m), 6.8 (1H, d), 6.6 (1H, d), 6.4 (4H, br s), 4.6 (2H, m), 4.4 (2H 
m), 3.9 (1H, m), 3.5 (3H, m), 3.4-3.2 (2H, m), 3.2-3.0 (3H, m), 2.9 (4H, m), 1.5 (2H, br 
m),1.3 (6H, br s), 1.1 (3H, m), 0.9 (3H, m). 

25 Example 2 

(l/?,2ff)-2-hvdr oxvindan- 1 -amine. 
oxoethox v ) phenyl propanoic ar.iH 

(2S)-2-Emoxy-3-(4-{2-|*extf 
so (109 mg) and (li?,25)-( + )-c/,-l-amino-2-indanol (36 mg) were dissolved in ethyl acetate (1.4 
ml) and stirred at room temperature. When a salt had precipitated ethyl acetate was added (3.2 
ml). The slurry was stirred at room temperature, filtered and the solids washed with ethyl 
acetate (1 ml) and dried by suction. The product was confirmed as (ltf,2J>2-hydroxyindan-l- 
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aminium (2^-2^thoxy-3K4-{2 r [hexyl(2-phenylethyl)amino]-2- 
oxoethoxy}phenyl)propanoate with LC and XRPD. 



5 Example 3 

flje^^-hyHroxvindan-l -amine salt i 
oxoethoxv}ph P n Y i)pr 0panni - r 

O00 g) and WWWri-W^ (0.27 g) were dissolve, in isopropy, acetate 
(40 ml) and stirred a. room temperature. When a salt had precipitated the starry was filtered 
and the solids wash* with isopropyl acetate (20 ml) and dried by suction ,o give 0 97 a of 
title compound. 5 

15 Example 4 

oxoethoxvphftn Y n r ro P anf>ir. ariA 

L-Arginine, (H.32g) was dissolve, in 25 ml of distilled water at 60=C. The warm clear 

M-pheny.e^^ ^ (33g) fa oj • 

ml). The resulting sotauon was evaporated to an oil which was precipitate, by adding ,50 ml 
of .sopropy, achate under stirring. The amorphons sal, was ffltered off and dried nnder 
vacunm u 40'C. The yield was 36g. A smaU amount of material was disso.ved in „ butyl 
rs acetate and was re-p,ecipi<a,ed by addition of cyclohexane. This material was dried in 
vacuum at 40°C and used for NMR analysis. 
'H-NMR (400 MHz, MeOD): 

7 2 (7H, m), 6.9 (lH,d). 6.7 (1H, d), 4.7 (1H, s), 4.4 (1 Hs), 3.8 (1H, m), 3.6 (4H, m), 3 4 (1H 
^ 0, 3.2 ( 4H, m), 2.9 (4H, m), 1.9 (2H. m), 1.7 (2H, m), ,.6 (2H, br m), ,.3 (6H, ta ft ,i (3H 

0.9 (3H, t) 
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Example 5 

L-arginine salt (25)-^hoxv-^4-f 2-fhe>vlf9.-p h e nvlrthvn a mfan 1 -0- 
oxoethoxvlphRny^propannip. ariH 

5 The (2^thoxy3<4-{2-[hexyl(2-phenylethyl)aimno]^ acid 
(0.197 g) was dissolved in 95% ethanol and L-arginine (1 mole equiv) was added to the 
solution. The solution was stirred at ambient temperature, followed by evaporation to dryness 
and addition of isooctane (10 ml/g). The slurry was stirred at room temperature, and the 
product was filtered off and analysed by XRPD. 
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Example 6 

fert-butvlamine salt of r2^-?.-ethoxv-3-r4-/9-m ft v Y l f O- Dhe nv1ethvn am; n^-o_ 
oxoethoxv}phenv1)pr o P anoic acid 



is W-2-Emoxy-3<4-{2-[hextf^ ^ 
(0,49 g) and ferr-butylamine (0,077 g) were mixed in acetone(8 ml/g), followed by addition of 
isooctane (8 ml/g) and stirred at room temperature. The product (0.36 g) was filtered off and 
washed with isooctane ( 4 ml/g) and was dried in room temperature. The product 
confirmed with NMR and XRPD. 



was 



20 



25 



'H-NMR (400 MHz, CDC1 3 ): 

7.3-7.0 (7H, m), 6.7 (1H, d), 6.6 (1H, d), 4.6 (1H, s), 4.3 (1H, s), 3.7 (1H, m), 3.6 (1H, m) 3 5 
(2H, m), 3.3 (1H, t), 3.1 (2H, m), 2.9 (1H, m), 2.7 (3H, m), 1.5 (2H, br m), 1.3 (9H, br s), 1.2 
(6H, br s), 1.0 (3H, t), 0.8 (3H, m) 

Properties 



Examples of properties of a/^-S-hy droxvindan-l-smin,. p .< 
phenYlethYl)amino1-?.-oyoethoxvlphen Y n D ro Da noic arid 
30 DSC showed an endotherm with an extrapolated onset temperature of 104°C. TGA showed a 
weight loss of 0 % w/w between 24-75°C. DSC analysis repeated on purer sample may give a 
higher melting point. Crystals of (1* ,2S)-2-hydroxyindan-l -amine (2S)-2-ethoxy-3-(4-{2- 
[hexyl(2-phenylethyl)amino]-2-oxoethoxy }phenyl)propanoic acid (obtained by way of the 
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example above and/or by other ways) were analyzed by XRPD and the results are tabulated 
below and are shown in Figure A 




Figure A, XRPD pattern of (li?,25)-2-hydroxyindan-l-amine (2^-2-ethoxy-3-(4-{2-[hexyl(2- 
phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid 
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Examples of L-arginine salt r2,<rV?.-ethoxv-y4-f ?- rhexvir7-p h*n Y l Pt hv1 Wnn-p. 
oxoethoxv)phftny1) r ropanoic ar.iri 
The (2S)-2-ethoxy3-(4-^^ 
5 (0.197 g) was dissolved in 95% ethanol and L-arginine (1 mole equiv) was added to the 
solution. The solution was stirred at ambient temperature, followed by evaporation to dryness 
and addition of isooctane (10 ml/g). The slurry was stirred at room temperature, and the 
product was filtered off and analysed by XRPD. 
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counts 
12<H 




°2Theta 



Figure B: XRPD pattern for T .-arginine salt r?. tt-2-ethoxv- y4-f 2-rheyvir?. 
phenYlethvl)aminol-2-oxoRthnv v) D heTiv]^p rn panoicacid 



Examples of properties of fert-butvlamine. sal t of (2S)-2.e.th nxw .3-(4-(2.yh^ p. 
phenvlethv])afninol-2-oyn ft fh oxv) P henv1)p r OD anoic arid 

DSC showed an endotherm with an extrapolated onset temperature of 107°C. TGA showed a 
weight loss of 12.7% w/w between 102-236°C. DSC analysis repeated on purer sample may 
give a higher melting point. Crystals of terr-butylamine salt of (25)-2-ethoxy-3-(4-{2- 
[hexyl(2-phenylemyl)aniino]-2-oxoethoxy}phenyl)propanoic acid (obtained by way of the 
example above and/or by other ways) were analyzed by XRPD and the results are tabulated 
below and are shown in Figure C 
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1TO ~~ 
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1SDD — 
MOO - 




2-Theta - Scale 



Figure C, XRPD pattern of fm-butylamine salt of (25)-2-ethoxy-3-(4-{2-[hexyl(2- 
phenylethyl)amino]-2-oxoethoxy}phenyl)propanoic acid . 
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BIOLOGICAL ACTIVITY 

Compound A was tested in the assays described in WO 03/051821. 



The compounds of the invention have an EC 50 of less than 0.5|0.mol/l for PPARa and 
preferred compounds have an EC 50 of less than 0.05nmol/l for PPARa. The compounds of 
the present invention are more potent with respect to PPARa than with respect to PPAR Y . It 
is believed that this relationship is important with respect to the pharmacological activity of 
the compounds and to their therapeutic profile. 

In addition the compounds of the present invention exhibit improved DMPK (Drug 
Metabolism and Pharmacokinetic) properties, for example they exhibit improved metabolic 
stability in vitro, and also exhibit favourable dose response curves in vivo. The compounds 
also have a promising toxicological profile. 
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Further exan^ s of salt ^ 
pxoethoxvlnhenvnprnpan^ nrid 



5 Example 7 

Adamanrylaminesalf of m o e mo*v-^. { o_rw vV rhrnvlethvnam , n ^, 0 _ 
OXOethoyv}ph f .TiYT) rr op ann i P aniti 

(0.32g, 0.7 mmol) was dissolved in ethyl acetate (10 ml) in a round bottom flask 
» (O.llg, 0.7 mmol) was dissolved in a small portion of methylene chloride (2 

ml) and the solution was added to the round bottom flask. The solvent was let to slowly 
evaporate at room temperature until one quarter of the solvent remained. The crystal* was 
isolated by filtration and dried under vacuum. 

is Example § 

A iV-ben2yl-2-phenvIethanaminiuiTi §alt nf f ?^-2-erhov y .3. r 4. f ? ,_ r hf >, Yy1(0 _ 
phenylethyDaminol^-oxo^nvy^ K^^^^^.^,^ 

2 o J^^^^ -id 

-octane (4 ml) was added and the slurxy was stirred at room temperature overnight, and was 
then filtered off. The crystallinity for the product was confirmed with XRPD. " 
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Figure D: XRPD pattern for ^-benzyl-2-phenylethanaminium salt of (25)-2-ethoxy-3-(4-{2- 
I^exyl(2-phenylethyl)ainino]-2-oxoethoxy}phenyl)propanoicacid. 
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Definitions used: 

% Relative Intensity* Definition 

5 

60-100 vs (very strong) 

30-60 s (strong) 

11-30 m (medium) 

5-11 w(weak) 
io <5 vw (very weak) 



*The relative intensities are derived from diffractograms measured with variable slits. 

15 

Example 9 

A A^-benzyl-2-phen vlethanamini nm salt of r2 > y>^2-ethoxv^3-f4-f2-rheyy 1(9- 
phenylet hyl)amino1-2-oxoethoxv)phenvn P rop a Tinir a riH 

20 (W-Et^^ 

(0,98g) and N-benzyl-2-phenylethylamine (0,52 ml) were mixed in IPA (1 ml). Then n-butyl 
acetate (4 ml) was added and seed was added. The slurry was stirred at room temperature for 
>72 hrs, and was then evaporated almost to dryness and filtered. The product was analysed by 
LC to confirm the assay. 
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30 
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Example 10 

A AM?enzyl-2-fhen7.vlaTTuno^ ethanflT rgnium salt of r2^-2-ethoYv-3-r4-l2-f hP.v Y ip- 
Ehenvlethvl)amino1-2-oxneth o xv) P heTiv1)p ro ra no^ „iA ~~~~~ 

5 ( 2 ^-2-Ethoxy-3<4-{2-[^^ ^ 
(0,98g) and N^'-dibenzylethylenediaxnine (0,46 ml) were mixed in isopropanol (1 ml) Then 
n-butyl acetate (4 ml) was added and the slurry was stirred at room temperature >72hrs and 
was then filtered off. The product was analysed by LC to confirm the assay. The product was 
analysed with XRPD. 
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Figur E: XRPD pattern for ^-benzyl-2-Cbenzylamino) emanaminium salt of (2S)-2-ethoxy- 
is (4-{2-[hexyl(2-phenylemyl)amino]-2-oxoethoxy}phenyl)propanoic acid 



d-value (A) Relative intensity 
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Definitions used: 

5 % Relative Intensity* Definition 

60-100 vs (very strong) 

30-60 s (strong) 

11-30 m (medium) 

io 5-11 w (weak) 

<5 vw (very weak) 
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*The relative intensities are derived from diffractograms measured with variable slits. 



Example 11 

A AMjenzvl-2-fhenzvlamino) ethanflmi nium salt of r?^-2-ethoxv-3-f4-f2-rh ft x Y l f7. 
phenvlethvl^aminny^-oxoethnYvl phenvnp rnpannir 
20 (2^-2-Ethoxy-3K4-{2-[hex y l(2-phen y lemyl)ainm^ 

(0,98g) and N,N'-dibenzylethylenediamine (0,52 ml) were mixed in IPA (1 ml). Then n-butyl 
acetate (4 ml) was added and seed was added. The slurry was stirred at room temperature for 
>72 hrs, and was then evaporated almost to dryness and filtered. The product was analysed by 
LC to confirm the assay. 
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